INTRODUCTION
The finite element method @EM) has been used to solve for the active reflection coefficient of planar phased arrays [I] . One of the key features ofthe solution is aperiodic boundary condition applied to the threedimensional FEM mesh to represent periodicity in two directions (including skewed grids), thereby satisfying the Floquet condition. This paper presents the formalism for the periodicity condition, and shows some example calculations for illustrative purposes. Fig. 1 shows top and side views of a typical array lattice and unit cell, The radiator consists of an arbitrarily-shaped conducting structure and may include any number of dielectric regions. A cylindrical waveguide feeds the radiator through an aperture, denoted r w , in the ground plane.
PROBLEM DESCRIPTION
The unit cell is truncated at a constant-z plane, denoted rR, above the radiator's physical structure.
A typical problem is illustrated in Fig. 2 , an exploded view of the tetrahedron mesh for a flared notch 
SOLUTION APPROACH
The unit cell mesh is first treated as though its side walls were open-circuit boundaries. The electric field inside the volume region fl is expanded in vector finite elements, which are also used as testing functions for the Galerkin discretization of the weak form of the wave equation: where the incident field vector is due to a unit-amplitude dominant mode in the waveguide. There are no contributions to SR from edges in rx+ or ry+: Instead, edges in rx-and r generate contributions that include mesh cells in adjacent unit cells (viewing the unit cell m&h in Fig. 2 as only part of an infinite mesh). This is conceptually the same as Gedney's "overlap elements" [6]. Finally, the periodicity conditionatthe sidewalls is imposed usingthematrix transformation
where the prime on E denotes that it excludes edges in rx+ and ry+. The U.S. Government work not protected by U.S. copyright.
where k, is the free space wavenumber and eo and go are the spherical coordinate angles to which the array is scanned.
After solving for E', the active reflection coefficient may be found from the unknowns associated with waveguide aperture edges.
RESULTS

Fig.
3 presents computed active reflection coefficient for the flared notch radiator with e,=6 for the substrate, whose height in z is 38.1 mm. The rectangular lattice has 4 = 3 6 mm and $=34 mm. There are two blind angles in the E-plane, one due to the grating lobe onset. The other exhibits the unusual behavior of moving outward in angle with increasing frequency. This behavior, predicted by Schaubert [7], is evidently due to a guided-wave mode in the structure formed by the parallel metallized substrates. Further validations using the Hybrid FEM code based on the concepts described here have beenperformed, includingarraysofopen-ended waveguides, clad andunclad monopoles and printed dipoles. The same computer code was used for all cases. These results attest to the versatility of the method for predicting the scanning performance of very general phased array radiators. 
